Terrien's disease occurs in middle-aged patients and is characterised by an insidious thinning of the cornea near the limbus. In most cases, this results in a peripheral ectasia associated with a severe degree of astigmatism. Inflammatory signs are rarely observed in this marginal corneal degeneration which is of unknown aetiology. Elec tron and light microscopic studies have been performed on five specimens from pen etrating keratoplasties. Anatomical and clinical correlations showed the marked marginal degenerations of the corneal stroma to be consistently associated with lipid deposits, but without inflammatory cell infiltrate. These changes are in agreement with previous reported pathological descriptions of Terrien's disease.
Terrien's disease is a rare corneal affection. It was first described by Terrien1s is 1900 under the name of 'Marginal, symmetrical, ectatic corneal dystrophy'. Clinical and histological descriptionss.6,7,10,17 made it possible to distin guish several clinical varieties of the disease.
Terrien's disease consists of a peripheral corneal thinning which leads to ectasia after a prolonged interval. Several radial vessels are found in the thinned relatively transparent area, the anterior margin of which is marked with a dense yellowish area suggesting lipid deposits. In most cases, the disease affects both corneae, is symmetrical and most often observed in men over 60 years old, the con dition progresses very slowly, but the thinning and ectasia can still continue for several years and is often associated with an severe astig matism. No inflammatory signs can be observed, but the pain and redness which have occasionally been reported have been related to puberty and menstrual cycles. 1 Sometimes, spontaneous perforation can necessitate urgent treatment.
Previous electron microscopic studies have been reported, but these have only been per formed in lamellar corneal buttons.9 These studies attempt to subdivide the disease into two groups: quiescent and inflammatory, however, the aetiology or pathogenicity of the condition is still unknown. The five cases reported here have been subject to both light and transmission electron microscopic stud ies: the diagnosis was made initially on Ter rien's described criteria.
Figs. 1 and 2. Case 1: MBC: 42. Male, Right Eye, Flattening of the corneal curvature in its vertical axis. Marked peripheral thinning is observed at 12 o'clock, leading to a crescent shaped ectasia. Deep corneal opacities can be seen in this ectatic area which is crossed over by fine vessels. Perilimbal corneal thinning (0.12 mm). The Epithelium is thick, Bowman's membrane is missing. The corneal stroma is thin but quite normal in its lamellar organisation. Normal thickness for central cornea is 0,45 mm, and peripheral cornea 0,65, after
The astigmatism was so severe that it could not be measured, the visual acuity was 1120, reading was impossible. The marginal deformation was more marked in the left eye than in the right. A moderate nuclear cataract was severe in both eyes. The intra ocular pressure was normal.
On October 11, 1985, a penetrating keratoplasty of 11 mm was performed on the right eye. In July 1986, a penetrating keratoplasty of 9 mm was performed in the left eye, it was decentered at six o'clock (the specimen was fixed for pathological examination). One year later, the visual acuity was 5/10 and p2 despite the presence of a slight corneal oedema in the inferior half of the corneal button.
Local corticotherapy was maintained continuously.
Materials and Methods
All surgical specimens had the same treat ment: half the tissue fixed in a Bouin's solu tion, embedded in paraffin and stained with hematoxoline-eosine for light microscopic examination the other half was treated for electron microscopic examination. This was fixed in a glutaraldehyde solution (2,5%) for two hours, washed out in a Sorensen buffer solution pH 7.4, dehydrated in alcohol baths of increasing concentrations, embedded in epon, and cut in medium and ultra thin sec tions. Cases 4 and 5 specimens were placed in formol for lipidic study and treated in a similar fashion for lipid electron microscopic examination. (Table I, Figs. 1,2,3,4 , Panel II) This confirmed a severe thinning of the peri limbal area. This thinning was different from one case to another and from one area to another in the same specimen. Epithelial changes and thickness irregularities were noticed in the four non perforated cases: epi thelium was normal (case 1), thickened (cases 4 and 5), or much thinned (case 2). The cells were stratified and normal except in certain areas where rare inflammatory cells were found. In these same areas, Bowman's mem brane was absent, fragmented or broken. The underlying corneal stroma was modified in all its layers (cases 4, 5) and especially in its anterior (case 1) or posterior (case 2) layers.
Results

Light microscopic examination
Changes were also noticed in the shape of the fibrocytes which were distended or modified adjacent to the anomalies of the collagen fibres. They also conserved their vacuoled cytoplasm. Few inflammatory cells were found in the stroma in all the cases.
Blood
Electron microscopic examination
The epithelium present in the thinned area was never completely normal. In cases 1, 3 and 4 it was stratified with basal, intermediate and superficial cells. The interstitial spaces were dilated and filled with a granular material which was more or less dense to elec trons (cases 1 and 3). Sometimes, optically clear vacuoles were found in basal and inter mediate cells (case 3). In case 2, the epithe lium in certain areas was thinned and infiltrated with inflammatory cells (cases 2 and 3). Some of these cells also contained large, numerous, irregular mitochondria.
The basal lamina which was always altered, thickened, discontinuous, broken or dupli cated was lying on an altered stroma. Most of the time, hemidesmosomes adhesions were observed (Figs. 1,2 , Panel III).
Bowman's membrane was either broken or absent. Some of its fragments could be identi fied in the anterior altered layers of the cor neal tissue (cases 2, 3, 4 and 5). In cases 2 and 5, Bowman's membrane was present, in con tact with the epithelium, but, presented some important modifications: fragments of basal membrane were superimposed and interlaced with small microfibrillar islands. Sometimes these fragments were condensed into dark irregular patches containing clear vacuolated spaces which were not surrounded by any cell membrane. In case 4, membrane residues were found at a distance from the epithelium.
The thinned corneal stroma presented numerous modifications; such as a lamellar structural disorganisation. Certain lamellae had a good collagen fibre arrangement while others were totally disorganised, their colla gen fibres being scattered in different directions.
Generally, the stroma/lamellae were dis organised with small cavities, optically clear, circular or oval shaped. Some of the vacuoles seemed to have no membrane, while others seemed to be lined with a discontinuous dense material, others also were delimited by a con tinuous cytoplasmic cellular-like membrane. Some of the vacuoles contained more or less confluent pieces of membrane.
In case 3 these vacuoles, similar to those observed above, were scattered within large lipidic crystals with which they were some times in contact and were often associated with electron dense deposits. These could be arranged in rings around the vacuoles, gath ered in small island at a distance, or even scat tered within the lamella (Figs 3-8, Panel IV) .
The fine granular material in these dense deposits was often in close contact with the lipid crystal in case 3. In case 1, the represent the most important anomaly.
Scattered elastin and fibrin fibres were found in the stroma of cases 1 and 4. In case 4, irregular patches of long periodicity collagen fibres were scattered within the fibrocytes and the fragment of Descemet's membrane.
Certain areas in the stroma showed signs of healing reconstruction which consisted of a heterogenicity of the collagen fibres. Else where collagen fibres degeneration was characterised by the absence of contact between fibrillar and interfibrillar space or deposits. This degeneration is usually accom panied by fibrinoid collagen degeneration (Figs. 9-15 , Panel V).
Stroma fibroblasts cells had different appearances according to the area examined. They were usually abnormal, often inten sively activated, or even subjected to severe changes (case 1) such as cellular necrosis. The severity of the changes was proportional to corneal vacularisation.
They were generally activated with a glyco gen rich cytoplasm and developed organelles, Numerous cells possessed optically clear vacuoles.
In case 3, numerous macrophages were grouped within lipid crystals in infiltrated areas where many spumous cells were found. It was among these cells that plasma cells were found. Specific lipidic staining was positive in electron microscopic specimens of cases 4 and 5.
Numerous vacuole cells containing micro fibrillar material were observed in case 4 as well as some polymorphonuclear cells. Inflammatory cells were rare, but were found particularly in two specimens. In case 3, they were located near the perforation and areas with intensive lipid infiltrate; in case 4 they were found near the residue of Descemet's membrane and under the epithelium.
Numerous blood vessels and nerve fibres were found in all the specimens. Descemet's membrane was either broken (case 3) or frag mented with different pieces scattered within the ectatic stroma (case 4). It was thickened in all cases. It was also partially or totally infil trated by micro vacuoles scattered within is collagen nodules. Endothelial cells when present were quite normal except in case 4 where they were noted to have abnormally dilated mitochondrias.
Discussion
The five reported cases had the same clinical appearance which consisted of progressive marginal corneal thinning and ectasia. There were no inflammatory signs in three cases. Repeated episodes of inflammation led to perforation in case 3 while in case 5 some epi sodic ocular redness was observed. Clinical observation of these cases by the same phys ician made it possible to distinguish Terrien's disease from the other three corneal marginal conditions with which it could be confused: marginal keratoconus (marginal pellucid degeneration), keratoglobus and Mooren's ulcer.
All cases had paralimbal corneal thinning with more or less ectasia, interstitial vascular isation, annular lipid accumulation in the inner ring of the thinning and distortion of the corneal curvature producing severe against the rule astigmatism. Systemic investigations revealed diabetes in two cases and an alcohol! tobacco intoxication in one case. There were no signs of any rheumatic or collagen dis eases, nor any signs of an acquired immune syndrome. There was no special ocular history in these five cases. All the patients conformed to the classical description of Ter rien's disease as discussed by Austin et al. 1 Although Terrien's disease can be identi fied as a clear entity, its nature is still obscure. It is a slowly progressive disease lasting for as long as 30 years in some patients. It is rarely associated with inflammatory episodes except when associated with limbal vasculitis,. 9 All histological examinations showed cor neal stromal thinning, an altered basal lamina and Bowman's membrane, a disorganised corneal stroma with interstitial vascularisa tion, intense lipid infiltration, a thickened Descemet's membrane and few inflammatory cell infiltrates.
Terrien's disease would be much better understood if it showed a specific ultrastruc tural abnormality as a specific confirmation of abnormalities.
These 5 cases reports are unusual because they have been treated by six penetrating ker atoplasties. This has permitted a study of the lesion throughout the full thickness and over the thinned ectatic periphery.
The most important corneal change is the peripheral thinning which reduces it to half the normal thickness. This is not a specific characteristic as thinning occurs in marginal keratoconus, keratoglobus and Mooren's ulcer. Nevertheless, ultrastructural anomalies can clearly differentiate these three limbic conditions from Terrien's marginal ectasia. Marginal keratoconus has the same structure as classical keratoconus; the stroma is thinned, but the lamellar structure is easily recognised. Even if they are full of fine dense deposits, they never present any vacuoles as was reported in the above cases. Further more, Bowman's membrane is characteristi cally broken, but Descemet's membrane is almost always normal inflammatory cell reac tion is encountered only when the cornea has perforated. In keratoglobus, protrusion of the entire corneal surface is also characterised by the absence of inflammatory cells.
In addition acquired and congenital ker atoglobus have different specific signs. II Con genital keratoglobus has obvious anomalies of the stromal structure: absence of Bowman's membrane, quantitative modifications in the ratio of collagen to matrix and Descemet's membrane is profoundly altered. The ana to mopathogical changes in Mooren's ulcer, in its acute phase, cannot be confused with Ter rien's disease because even healed quiescent Mooren's ulcers show an acute reaction in which inflammatory cells prevail.
The five cases reported here make it poss ible to differentiate Terrien's disease from other limbal conditions.
The stromal changes found in Terrien's disease consist of dense dispersed deposits which are scattered or grouped within the lamella, and which are found in the peripheral stromal lamella, these vacuoles are an impor tant ultrastructural element which is specific of this condition. They can alsQ be found in the anterior layers of a normal Descemet's membrane or in its fragments in the posterior stromal layers. These multiple sometimes confluent deposits are dissolved by fixation are associated with cholesterol lipidic crystals, (in case 3) suggesting a lipid nature.
Soudan III staining was positive in cases 4 and 5 and examination of the first three cases by electron microscopy confirms the first description made by Fine et al. 4 A histochemi cal study was performed which revealed the lipid nature of these lesions. In cases 4 and 5, specific lipid staining for electron microscopy confirmed the lipid nature of the deposits, which confirms the clinical appearance, How ever, this is not enough to explain the entire paralimbic degeneration of Terrien's disease.
It is possible that this disease, like some pri marily lipidic degeneration consist of a magni fication of the degenerative process which leads to arcus senilis. However, Iwamoto et at" showed in their lamellar specimen study that lipid infiltration occurs together with other lesions and that histochemistry also shows the presence of mucopolysaccharide acid deposits14 a substance which is highly eosino phlic, PAS positive or intensively stained by PTH, suggesting a fibrinoid collagen degener ation.9 These substances were found in the five cases reported here. Iwamoto et at. pay particular attention to the relationship between the agllutination around the vacu oles. This change suggests a possible disorder which may precede vascularisation, intersti tial necrosis or even a degenerative process of collagen. This relation, we noticed in Schnyder cristalline dystrophy,8 these infil trates and lipid crystals insinuate themselves through the structure of or collect around col lagen fibrils.
All of these stromal modifications (vacu olar infiltrations, dense micro granular deposits, collagen fibrils agglutination or dis sociation, fibrinoid degeneration), suggests an organised degeneration process surround ing the lipidic infiltrates. In our five cases, the process is associated with a mild inflammatory cell infiltration.
Stromal inflammatory cells were particu larly observed in case 4 which was excessively evoluted and thinned presenting scattered polynuclear cells within its stroma. It was only in case 3 that we observed numerous macro phages and 'spumous' cells surrounding lipid crystals. It was within these areas that we found some plasma cells.
In the other cases, only few lymphocytes were found in the epithelium. In fact, in none of our five cases could we detect a severe inflammatory cell reaction.
Healing and degenerative signs coexist. They are characterised by fibrocytic activity (dense glycogen cytoplasmic aggretates). Corneal scarring represented by either het erogeneous or long periodic collagen fibres. Vessels were numerous, but the blood vessels were not surrounded by numerous inflamma tory cells.
Are these anomalies sufficient to explain the development of Terrien's marginal ecta sia? It seems unlikely because rings are fre quently observed in moderately altered peripheral cornea, in which dense irregular infiltrate developed an arcus senilis where the stroma is modified or the corneal epithelial is thickened above without any thinning of the cornea. These individuals do not show any ectasia or any particular clinical or anatomical evolution.
Could the lipidic deposits by the starting point of a slow degenerative process leading to subsequent modifications or could there be additional factors leading to the modifications mentioned above? Berkowitz et al.2 tried to answer these questions by searching for circu lating immune complexes in peripheral cor neal diseases; Mooren's ulcer, Terrien's disease and corneal ulcers associated with connective tissue diseases.
These authors found no difference in any circulating immune complex between normal patients and patients suffering from Terrien's disease. These studies showed that an immune reaction type III could not play any part in the pathogenesis of the disease. This test suggests that it is possible to differentiate Mooren's ulcers from Terrien's degeneration. However, not everyone agrees with this clear differentation between the two conditions, Austin! stated that inflammatory episodes can be encountered during the evolution of Ter rien's degeneration and Binder et al. 3 reported a case of bilateral marginal ulcer which could be easily confused with Terrien's disease. However this case of marginal ectasia was quite different from the five cases reported in this paper. Its anatomico-path ological description shows an inflammatory necrosis of the superficial layers of the cornea while the posterior layers as well as Desce met's membrane were normal. This is like a Mooren's ulcer and is clearly different from the changes we and others have found in Ter rien's disease. Nevertheless, it is interesting to consider the views of Binder et al. which refer to a possible similarity between the mech anisms which cause the lesions observed in these two non-infectious affections of the cor neal limbus. Although the clinical appear ances are similar they cannot be the result of the same disease. In Mooren's ulcer, the pres ence of immunoglobulins, circulating anti bodies and immune complex leads to an active inflammatory lesion. All of these manifesta tions are absent in Terrien's disease, which in typical form is slowly progressive and ectatic giving rise to slow interstitial necrosis of the disorganised corneal stroma resulting in per ipheral thinning.
However, this process is similar to that observed in. certain corneal inflammatory lesions, especially herpes, in which there is sometimes stromal thinning. We have found lymphocytes and plasma albumin in our cases so it is possible that inflammatory episodes could play a part in the necrosis particularly as we have one patient who developed kerotoso nus and Terrien's disease. The role of the lipid is uncertain. Most authors believe that the excess lipid is only secondary to the interstitial vacuolisation of the thinned area. It is usually present in arcus senilis but here it is not associ ated with a corneal thinning. However, it is possible that it is one of the promoting factors of lysis and disorganisation of corneal con junctival tissue leading to corneal peripheral thinning. Lipid deposition is a constant fea ture of Terrien's disease and its presence in excess cannot be ignored.
At present it appears that the ectactic changes in Terrien's disease are the terminal phase of a condition characterised by struc tural weakness of the peripheral corneal stroma which is associated with mild inflam matory episodes and the secondary desposi tion of lipid in the adjacent cornea and conjuctiva.
